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57 ABSTRACT 
In a method for electroplating a steel strip with a coat 
ing metal, in particular, zinc or a zinc-containing alloy, 
a thin protective layer consisting of the coating metal is 
temporarily electrodeposited on one side of the steel 
strip. After complete coating of the other side, this 
protective layer is completely or essentially removed in 
a stripping step in which the coated steel strip as the 
anode is moved through a stripping electrolyte. The 
stripping electrolyte contains a sequestering agent, ad 
vantageously sodium gluconate. 

19 Claims, No Drawings 
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METHOD FOR ELECTROPLATING ASTEEL 
STRIP WITH A COATING METAL, IN 

PARTICULARZNC ORAZINC-CONTAINING 
ALLOY 

The invention concerns a method for electroplating a 
steel strip with a coating metal, in particular zinc or a 
zinc-containing alloy, wherein a thin protective layer 
consisting of the coating metal is temporarily electrode 
posited on one side of the steel strip and, after the com 
plete coating of the other side, this protective layer is 
either removed completely, or a thin residual coating is 
left in a stripping step in which the coated steel strip, as 
the anode is moved through a stripping electrolyte. 

In the automobile industry, steel sheets electroplated 
on one side are used for certain exterior components of 
the bodywork. The coated side, which usually com 
prises a zinc-containing metal coating, is directed 
towards the inner side of the bodywork, while the un 
coated outer side is sprayed. However, as paint displays 
different properties on zinc-containing coatings than on 
a steel surface, it is important that the uncoated side be 
free from electrolytic deposits so that, when the paint 
system is applied, it behaves in the same way as an 
uncoated sheet. During the normal passage of the steel 
strip through an electrolytic finishing plant for the pur 
pose of plating the strip on one side, it is unavoidable 
that the side which is not to be coated comes into 
contact with the electrolyte. In the process, due to 
chemical reactions of the electrolyte with the sheet 
surface, surface changes, which become noticeable in 
the form of spots, may arise. Particularly in the case of 
zinc-nickel electrolytes, electroless deposition of nickel 
alloys leads to dark discoloration. Also, etching of the 
strip surface on the side which is not to be coated may 
occur. Furthermore, it was found that when a steel strip 
is coated on one side, in the immediate vicinity of the 
longitudinal edges, even on the side which is not to be 
coated, the coating metal is deposited in the form of 
narrow strips, which is referred to as so-called "over 
lap." In the automobile industry, there is the require 
ment that even this overlap of the edges should not 
exist. There are of course methods for electroplating a 
steel strip on one side, in which the steel strip is not fully 
immersed in an electrolyte such as the electrolyte being 
only sprayed onto the side to be coated (West German 
Pat. No. 32 09 451). With methods of this kind, too, 
individual drops of liquid, and possible overlap, on the 
side which is not to be coated cannot be avoided reli 
ably. 
With one known method of the kind mentioned here 

inbefore (U.S. Pat. No. 3,989,604), a steel strip is first 
electroplated on both sides with zinc, preferably in such 
a way that the thickness of the layer on one side is 
thinner than on the other side. This type of coating is 
referred to as "differential coating.” The thinner layer 
on one side should be 3,000-45,000 mg/m2 (0.01 oun 
ce/ft2-0.15 ounce/ft2). The differentially coated steel 
strip is then guided into a tank which contains an elec 
trolyte consisting of a relatively weak acid solution, 
particularly, an aqueous solution of zinc sulphate and 
sulphuric acid, with a pH value of 1-4 and a tempera 
ture of 49-66' C. (120-150°F). In this tank, the steel 
strip is passed through between a cathode and an anode 
at current densities of 22-110 A/dm2 (200-1000 
amps/ft2), preferably at 55A/dm2 (500 amps/ft2). Here, 
the zinc is electrolytically removed from the one side of 
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2 
the steel strip coated with a thin zinc layer, and at the 
same time the thickness of the zinc layer on the other 
side is increased. At current densities below 55A/dm2, 
however, a metallic zinc layer remains on the one side 
in the form of a loose black coating which must be 
removed by brushing. This known method is uneco 
nomical since, for removal of the relatively thick pro 
tective layer from the one side, very high current densi 
ties have to be used in order to be able to perform re 
moval of the coating in technically justifiable times. At 
current densities below 55 A/dm2, it is necessary to 
brush off the black coating, which remains during strip 
ping, as an additional operation, in which case there is a 
risk of the steel surface being damaged by the brushes. 
Moreover, the known method can be applied only to 
steel strips coated with pure zinc. In the case of electro 
deposition of zinc-nickel and zinc-iron alloys, during 
removal of the coating from one side and simultaneous 
deposition on the other side, uncontrollable and uncon 
tainable mixed phases of zinc and nickel or zinc and iron 
would be deposited on to the other side which, in the 
automobile industry, could lead to non-uniform phos 
phatisation or priming behaviour. 

In order to keep the uncoated side of a steel strip, 
which is coated on one side, free from undesirable impu 
rities, a similar method has been proposed, in which a 
protective layer of the coating metal is temporarily 
applied electrolytically to the side which is not to be 
coated, and electrolytically removed again later (Euro 
pean patent application No. 092342). With this known 
method, the protective layer, temporarily deposited on 
the steel strip, is removed by means of a stripping elec 
trolyte which contains at least one phosphate selected 
from the group consisting of alkali metal phosphates 
and ammonium phosphates. When this stripping elec 
trolyte is used, however, a thin phosphate layer is 
formed on the side which is not to be coated. This thin 
phosphate layer is undesirable to many automobile man 
ufacturers, as it impairs the subsequent application of a 
phosphate coating by the automobile manufacturer. 

It is the object of this invention to indicate a method 
for electroplating a steel strip with a coating metal, in 
particular zinc or a zinc-containing alloy of the kind 
mentioned hereinbefore, which allows for the economic 
manufacture of a coated steel strip, in which one side is 
uncoated or provided with a thin residual coating but is 
otherwise free from impurities as well as from phos 
phate, so that it behaves like an uncoated steel surface 
with respect to subsequent spraying or phosphatisation. 
According to present invention, this object is 

achieved by the deposition of the protective layer being 
carried out at current densities of 1-30A/dman a layer 
thickness of 20-100 mg/m2, being and formed the subse 
quent stripping of the protective layer is carried out in 
a stripping electrolyte containing an organic sequester 
ing agent, at current densities of 5-30 A/dm2. 

Application of the protective layer prevents the side 
which is and have no coating, or only a residual coating 
layer, from undergoing undefined changes such as 
metal deposition or etching due to splashes or other 
contact with the electrolyte during the electroplating of 
the other side. As the protective layer is applied in a 
relatively low thickness, after complete coating of the 
other side, it can also be removed again with relatively 
little expenditure of energy. The choice of the stripping 
electrolyte is of critical importance here. The metals 
which are anodically stripped in the stripping electro 
lyte are coordinated so that recoating with these metals 
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of the side to be stripped, is prevented. Furthermore, 
due to the alkalinity of the stripping electrolyte, the 
steel surface is passivated so that the quantity of iron 
dissolved anodically is small. This means that the se 
questering agent is not consumed by iron ions. The 
stripping electrolyte according to the invention further 
has the advantage that it does not react with the steel 
surface to form an insoluble compound the adheres to 
the steel surface. Thus, no phosphate coating or the like 
is formed. The "stripped" side, after the stripping pro 
cess, thus behaves like a normal uncoated steel surface 
during subsequent technical use, e.g. when applying 
paint or phosphatising, which is of critical importance 
for subsequent satisfactory phosphatisation and spray 
ing. Also, during the stripping process, any "overlap' is 
eliminated. Preferably, by means of a special stripping 
electrolyte containing a sequestering agent and observ 
ing other conditions of electrochemical stripping, the 
process can be controlled in such a way that a thin 
residual coating of up to 50 mg/m2 remains on one side 
of the strip. This thin residual coating does not in any 
way interfere with subsequent phosphatisation and 
spraying such as is carried out, e.g., by the automobile 
manufacturer. It does, however, offer adequate tempo 
rary protection against corrosion until this phosphatisa 
tion is carried out. 

In the stripping electrolyte are preferably used, as 
sequestering agents, aqueous solutions of alkali metal 
salts, particularly sodium salts, of one or more of the 
following acids: 
aldonic acids 
diethylene triamine pentaacetic acid 
ethylene diamine tetraacetic acid 
hydroxycarboxylic acids 
nitrilotriacetic acid r 
polycarboxylic acids. 

In order to increase the conductivity of the electro 
lyte, a substance which increases conductivity can be 
added to it. Sodium sulphate is particularly suitable for 
this. 
The pH value of the electrolyte is to be adjusted so 

that the sequestering action of the electrolyte is fully 
preserved, but there is no or only slight electrolytic 
etching of the steel surface. For this reason, advanta 
geously, the pH value of the electrolyte is adjusted to 
over 8, preferably 8-10. 
So that the temporarily applied protective layer can 

be removed again without problems during stripping, it 
is advantageous if the thickness of the protective layer is 
approximately 20-30 mg/m2. In this case, it must be 
taken into account that during coating of the other side, 
which has previously been provided with the protective 
layer, due to electroless deposition, there may also arise 
changes to the protective layer, leading to an increase in 
thickness of the layer, at least in some areas of the strip. 
After complete coating of the other side, therefore, 
there may be on the side with the protective layer, a 
layer thickness which is greater than the thickness of 
the originally applied protective layer. 

Electrodeposition of the protective layer advanta 
geously takes place simultaneously with the commence 
ment of electrodeposition on the other side in the same 
coating electrolyte. 

Furthermore it has proved advantageous if, before 
electrodeposition of the protective layer, short-term 
electroless wetting of the steel strip with the coating 
electrolyte is carried out. 
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4. 
The temperature of the stripping electrolyte should 

be maintained at about 30-70' C. Stripping can then be 
carried out within less than 10 sec. 

In order to increase the useful life of the stripping 
electrolyte, it is possible to carry out regeneration with 
acid cation exchangers. 
Examples of compositions of suitable stripping elec 

trolytes are given below: 
EXAMPLE 

Sodium salt of a polycarboxylic acid preferably 10–20 g/1 
Sodium sulphate preferably 5-25 g/ 
Current density 10 A/dm 
Temperature 30° C. 
Time 2 sec 

EXAMPLE 2 

Sodium salt of 2,3,4,5,6-pentahydroxycarboxylic 
acid (D) 
(dextronic acid) preferably 20-100 g/1 
Sodium Sulphate preferably 5-25 g/l. 
Curret density 10 A/dm? 
Temperature 30 C. 
Time 2 sec 

EXAMPLE 3 

Sodium salt of nitrilotriacetic acid Titriplex (E) I 
preferably 10-50 g/1 
Sodium sulphate preferably 5-25 g/ 
Current density 10 A/dm 
Temperature 30°C. 
Time 2 sec 

The zinc, nickel and iron content of the complex 
solution plays no part in the stripping process. It is a 
consequence of stripping. Nevertheless, the zinc, nickel 
and iron concentration in the stripping electrolyte must 
not increase to such an extent that all the complexing 
organic molecules are consumed, otherwise, recoating 
can no longer be prevented. 
The following impurities of the stripping electrolyte 

are permitted when stripping a sheet coated with zinc 
and nickel: 

zinc 
nickel 
iron 

maximum 1,000 mg/1 
maximum 2,000 mg/1 
maximum 500 mg/l 

As the stripping process is carried out at relatively 
low current densities, any possible stripping at the edges 
of the other side as well (overlap of the edges) is negligi 
ble. If this overlap is to be avoided completely, elec 
trode assemblies such as have been developed for coat 
ing on one side may also be used for the stripping pro 
cess. Electrodes of this kind are described in West Ger 
man Pat. No. 32 09 451. 

It has turned out that the method according to the 
invention is particularly suitable for electroplating a 
steel strip on one side with zinc or a zinc-nickel alloy. 
We claim: 
1. In a method for electrodepositing a single-sided 

metal coating on a steel strip wherein a protective layer 
of the metal to be coated is first deposited on one side of 
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the steel strip and, after the application of the metal 
coating to the other side of the steel strip, the steel strip 
is made anodic and contacted with a stripping electro 
lyte in order to remove said protective layer from said 5 
one side, the improvement comprising the protective 
layer being deposited in a thickness of 20-100 mg/m. 
and at a current density of from 1-30 A/dm and the 
stripping of said protective layer being carried out in a 
stripping electrolyte having an organic sequestering 
agent and at a current density of 5-30 A/dm. 

2. The method according to claim 1 characterised in 
that in the stripping electrolyte are used, as sequestering 
agents, aqueous solutions of alkali metal salts, of one or 
more of the following acids; 
aldonic acids 
diethylene triamine pentaacetic acid 
ethylene diamine tetraacetic acid 
hydroxycarboxylic acids 
nitrilotriacetic acid 
polycarboxylic acids. 

3. The method according to claim 2, characterised in 
that the sodium salt of a polycarboxylic acid is used as 25 
the sequestering agent in the stripping electroyte. 

4. The method according to claim 2, characterised in 
that the stripping electrolyte contains a sodium salt of 
dextronic acid as the sequestering agent. 

5. The method according to claim 2, characterised in 
that the stripping electrolyte contains a sodium salt of 
nitrilotriacetic acid as the sequestering agent. 

6. The method according to claim 1, characterised in 
that the stripping electrolyte contains a substance which 35 
increases its conductivity. 

7. The method according to claim 6, characterised in 
that sodium sulphate is used as said substance. 

8. The method according to claim 1, characterised in 40 
that the pH value in the stripping electrolyte is adjusted 
to from 8-10. 
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6 
9. The method according to claim 1, characterised in 

that the temperature of the stripping electrolyte is main 
tained at 30-70' C. 

10. The method according to claim 1, characterised in 
that said stripping is carried out within 10 sec. 

11. The method according to claim 1, characterized 
in that the protective layer is removed from said one 
side to such an extent that a residual coating of said 
protective layer of up to 50 mg/m2 remains. 

12. Method according to claim 1, characterised in 
that electrodeposition of the protective layer is carried 
out in a layer thickness of 20-30 mg/m2. 

13. The method according to claim 1, characterized 
in that electrodeposition of the protective layer on said 
one side is carried out simultaneously with the com 
mencement of the electrodeposition of a preliminary 
coating on said other side in the same coating electro 
lyte. 

14. The method according to claim 1, characterised in 
that before electrodeposition of the protective layer, 
short-term electroless wetting of the steel strip with the 
coating electrolyte is carried out. 

15. The method according to claim 1, characterized 
in that in the stripping electrolytes are used, as seques 
tering agents, aqueous solutions of sodium salts of one 
or more acids selected from the group consisting of 
aldonic acids, diethylene triamine pentaacetic acid, eth 
ylene diamine tetraacetic acid, hydroxycarboxylic 
acids, nitrilotriacetic acid, and polycarboxylic acids. 

16. The method according to claim 1, characterized 
in that said protective layer is deposited in a thickness of 
about 20-30 mg/m2. 

17. The method according to claim 1, characterized 
in that said stripping electrolyte is maintained at a tem 
perature of about 30-70° C. 

18. The method according to claim 1, characterized 
in that said metal to be coated is selected from the group 
consisting of zinc and zinc alloys. 

19. The method according to claim 1, characterized 
in that said organic sequestering agent is sodium gluco 
nate. 

s se : 
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